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PURPOSE: To facilitate manufacture, to form a metal column for 
connecting interconnections with less steps, and to simultaneously 
flatten an insulating film. 

CONSTITUTION: A semiconductor substrate 1 insulated on a 
surface via a silicon thermal oxide film is formed with an 
interconnection 2 of a lower layer having a predetermined pattern 
by sputtering. A metal column 1 1 to become a connecting 
electrode is formed on the interconnection 2 by screen printing. 
After a polyimide insulating film 3 is so formed as to completely 
bury it, the insulating film is etched back to expose an end of the 
column. Thereafter, an interconnection 4 is so provided on the film 
3 as to be brought into contact with the end, and both the 
interconnections are electrically connected. 
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CONSTITUTION: A semiconductor substrate 1 insulated on a surface via a 
silicon thermal oxide film is formed with an interconnection 2 of a lower 
layer having a predetermined pattern by sputtering. A metal column 1 1 to 
become a connecting electrode is formed on the interconnection 2 by 
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* NOTICES * . 

Japan Patent 0££ice is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which forms lower layer wiring in the circuit board which consists of the semi-conductor 
substrate or insulating substrate in which two or more semiconductor chips are carried, A metal paste is screen-stenciled 
using the screen version which has opening corresponding to the location of a request of said lower layer wiring. The 
process which forms a metal column in the predetermined field which performs desiccation and baking according the 
printed metal paste to heat treatment, and includes said lower layer wiring on said circuit board, The manufacture 
approach of the semiconductor device characterized by having the process which forms the insulator layer which covers 
said lower layer wiring and said metal colunm so that the point of said metal column may be exposed, and the process 
which forms the upper wiring on said insulator layer so that it may lap with the point which said metal column exposed. 
[Claim 2] The manufacture approach of the semiconductor device according to claim 1 characterized by carrying out 
etchback until it forms an interlayer insulation film in the process which forms the insulator layer which covers said 
lower layer wiring and said metal column so that said lower layer wiring and said metal colunm may be embedded on 
said circuit board so that the point of said metal column may be exposed, and the point of said metal column exposes 
this insulator layer fi-ont face after that. 

[Claim 3] The manufacture approach of the semiconductor device according to claim 1 or 2 characterized by covering 
the front face of this semi-conductor substrate with an insulator layer when using a semi-conductor substrate for said 
circuit board. 

[Claim 4] The predetermined field of the insulator layer which covers the front face of said semi-conductor substrate is 
the manufacture approach of the semiconductor device according to claim 3 characterized by using for the dielectric of a 
capacitor. 

[Claim 5] The manufacture approach of the semiconductor device according to claim 1 to 4 which screen-stencils a 
metal paste on said circuit board through the screen version which has opening of a desired circuit pattern, and is 
characterized by forming said lower layer wiring, wiring of said upper layer or said upper layer, and the both sides of 
lower layer wiring on said circuit board by desiccation and baking according the printed metal paste to heat treatment. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of connecting between wiring of the multilayer- 
interconnection substrate in which the manufacture approach of a semiconductor device is started, especially two or 
more semiconductor chips are carried. 
[0002] 

[Description of the Prior Art] In order to attain the densification of a semiconductor device, and a miniaturization in 
recent years, the multi chip package which stores two or more semiconductor chips with which the integrated circuit 
device, the individual semiconductor device, etc. are formed in one package came to be used. The time delay per gate of 
Logic LSI is accelerated with several 100 ps(es), for example as large-scale-izing and improvement in the speed of the 
function of electronic equipment are called for especially. On the other hand, the engine performance of LSI accelerated 
to the printed-circuit board with the conventional mounting gestalt which carries much DIP (dualinline package) and 
plug-in packages cannot be demonstrated enough. That is, about the travelling period of a signal, since wiring during a 
chip is long, this time delay cannot be shortened. Therefore, many semiconductor chips are carried on one current semi- 
conductor substrates, such as a ceramic substrate or silicon, and the multi chip module (multichip module:MCM) of the 
high density assembly of the high performance which shortened the wire length between semiconductor chips very 
much is developed. And it is one of the production processes important when forming semiconductor devices, such as 
IC and LSI, to connect between wiring on the circuit board or a semi-conductor substrate. Especially the thing for which 
high integration of a semiconductor device and a miniaturization take for progressing, a multilayer interconnection is 
formed on the circuit board, and between the multilayer interconnection is connected efficiently is indispensable in 
order to form the semiconductor device of high performance. 

[0003] With reference to drawing 10 , the connection method between the multilayer interconnections of the multilayer- 
interconnection substrate of the conventional MCM is explained. For example, the Ist-layer wiring 2 which has a 
desired pattern is formed on the silicon substrate 1 by which the theraial oxidation film with a thickness of lOOOA was 
formed in the fi-ont face. This wiring 2 has the laminated structure of Ti/Cu/Ti which the thickness of each class 
becomes fi:om Cu layer with a thickness of about 3 micrometers inserted into two-layer Ti layer which is about 600A, 
and these two Ti layers, and the vacuum deposition method or the sputtering method is used for that manufacture 
approach. Then, for example, the solution of polyimide is applied all over a semi-conductor substrate, is dried, and the 
polyimide insulator layer 3 is formed. And using lithography, after forming the contact hole 31 in the polyimide film 3, 
the polyimide film 3 used as an interlayer insulation film is formed. Subsequently, the 2nd-layer wiring 4 of Ti/Cu/Ti, 
aluminum, etc. is formed at the same process as the Ist-layer wiring on this. Since the 2nd-layer wiring 4 is formed also 
in said contact hole 3 1 at this time, the 1st layer and the 2nd-layer wiring are connected electrically mutually. This 
process is repeated and fiirther multilayer wiring is connected mutually. 
[0004] 

[Problem(s) to be Solved by the Invention] In the case of a contact porous dehiscence hole, processes, such as etching 
techniques, such as a photolithography technique and RIE, and photograph RESHISUTO exfoliation, are needed. In the 
case of polyimide, wet etching can do with a choline solution, but the wet etching of processing of an organic compound 
insulator is impossible, and since it depends on dry etching or use of a wet etching solution has a large limit in many 
cases, it is incompatible in the property and manufacturing cost which the film has. Moreover, since the thickness of an 
interlayer insulation film is about 10 micrometers, when the consistency of the upper wiring becomes high, in case it is 
the upper wiring formation, lower layer flattening is needed. This invention was accomplished according to such a 
situation, is easy to manufacture, forms the metal column for moreover connecting between wiring by the small routing 
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counterm and aims it at offering the manufacture approach of the semiconductor device which can also perform flattening 

of an insulator layer to coincidence. 

[0005] 

[Means for Solving the Problem] This invention is characterized by forming a metal column by screen-stencil on wiring 
of the circuit boards, such as a multilayer-interconnection substrate of MCM which carries a semiconductor chip, or a 
semi-conductor substrate, covering an insulator layer on this, exposing this metal column from an insulator layer, 
forming the upper wiring on it, and connecting between these wiring. Namely, the manufacture approach of the 
semiconductor device of this invention The process which forms lower layer wiring in the circuit board which consists 
of the semi-conductor substrate or insulating substrate in which two or more semiconductor chips are carried, A metal 
paste is screen-stenciled using the screen version which has opening corresponding to the location of a request of said 
lower layer wiring. The process which forms a metal column in the predetermined field which performs desiccation and 
baking according the printed metal paste to heat treatment, and includes said lower layer wiring on said circuit board, It 
is characterized by having the process which forms the insulator layer which covers said lower layer wiring and said 
metal column so tfiat the point of said metal column may be exposed, and the process which forms the upper wiring on 
said insulator layer so that it may lap with the point which said metal column exposed. 

[0006] In the process which forms the insulator layer which covers said lower layer wiring and said metal column, an 
interlayer insulation film is formed so that said lower layer wiring and said metal column may be embedded on said 
circuit board, so that the point of said metal column may be exposed, and when using a semi-conductor substrate for 
said circuit board which carries out etchback imtil the point of said metal column exposes this insulator layer front face 
after that, the front face of this semi-conductor substrate is covered with an insulator layer. A metal paste can be screen- 
stenciled on said circuit board through the screen version which has opening of a desired circuit pattern, and said lower 
layer wiring, wiring of said upper layer or said upper layer, and the both sides of lower layer wiring can be formed on 
said circuit board by desiccation and baking according the printed metal paste to heat treatment. 
[0007] 

[Function] Since electric conduction film, such as a connection electrode which connects between wiring using screen- 
stencil, is formed in a semi-conductor substrate, the circuit board, etc., if etchback is performed using a lithography 
process and an etching process, since flattening of the front face of an interlayer insulation film will be carried out, 
drastic process reduction is attained as compared with the conventional process of making connection between wiring 
through opening formed in the interlayer insulation film, without performing a flattening process anew. 
[0008] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. The 1st example is 
explained with reference to drawing 1 **** drawin g 4 . The sectional view, drawing 2 , or drawing 4 of the multilayer- 
interconnection substrate which drawin g 1 requires for this example is that production process sectional view. The semi- 
conductor substrate 1 which turns into the circuit board consists of a silicon semi-conductor substrate, the thermal 
oxidation film (not shown) of silicon with a thickness of about lOOOA is formed on the semi-conductor substrate 
principal plane, and a multilayer interconnection is formed on it. Although the silicon semi-conductor substrate is used 
in this example, the circuit board which consists of AIN which carries a semiconductor chip etc. is sufficient as this 
substrate. Moreover, even if it uses a silicon semi-conductor substrate, it is also possible to form interlayer insulation 
films, such as polyimide, on it, and to form said multilayer interconnection on this. On the semi-conductor substrate 1 
with which the silicon thermal oxidation film was formed in this front face, the 1st lower layer wiring 2 which has a 
predetermined pattern is formed. The wiring layer of the beginning on the semi-conductor substrate 1 is sufficient as this 
1st wiring 2, and it may already be formed several layers. 

[0009] The barrier metal which contains Ti or Ti by vacuum evaporation technique or the sputtering method About 
lOOOA, After depositing about 3 micrometers and about lOOOA of Pd for Cu continuously, patteming of the lithography 
process is used and carried out. For example, Pd is Cu and the mixture of HCl, HN03, and CH3 COOH and Ti are H2 
02. C six H807 It etches using mixture and a Pd/Cu/Ti system metal circuit pattern with a wiring width of face of 20-30 
micrometers which is the 1st wiring is formed, a substrate top - a photoresist - forming - this - etching - a circuit 
pattern - forming - this photoresist - minding - a substrate top - wiring - public fiinds - a group can be deposited 
with vacuum deposition etc., finally a photoresist can be removed, and a circuit pattern can also be formed on a 
substrate. Then, 30-50micrometer2 on the metal circuit pattern 2 The metal colunm 1 1 which is the connection electrode 
which connects between wiring with the screen printing of extent later mentioned mostiy in the square ARAUNDO 
section is formed ( drawin g 2 ). As for the metal paste for printing, Au particle and the amount of glass fiits (PbO) 
whose particle size is about 2000A used the ingredient not more than 1 5wt%. 

[0010] After screen-stenciling Au paste after the 1st wiring 2, in atmospheric air, it holds for 30 minutes, it calcinates at 
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the programming rate of 200 degrees C / hr, and 450 degrees C, and said metal column 1 1 of Au is formed. Au has Pd 
layer of the 1st wiring 2 front face, and good adhesion, and its contact resistance is small. Subsequently, after dropping 
the polyimide solution of about 20000 viscosity cp on this semi-conductor substrate 1 and performing spin rotation for 
ISOOrpm / 15 seconds one by one for SOOrpm / 10 seconds, 150 degrees C / 60 parts carry out desiccation solidification 
in nitrogen-gas-atmosphere mind, and the interlayer insulation film 3 of the polyimide film of about 30-micrometer 
thickness is formed ( drawing 3 ). An interlayer insulation film may use not only polyimide but PSG, silicon oxide, etc. 
Since etchback of the whole surface of this interlayer insulation film 3 is carried out with a choline solution and the tip 
of Au metal column 1 1 is exposed next, the last solidification for 320 degrees C / 30 minutes is performed, and an 
interlayer insulation film 3 is formed completely ( drawing 4 ). Subsequently, the 2nd wiring 4 which consists of upper 
Pd/Cu/Ti is formed by the same approach as the above-mentioned. Although illustration is not carried out, the protection 
insulator layer 5 which forms the 3rd, the 4th, or wiring beyond it through the following interlayer insulation film on 
this wiring 4, or consists of BPSG etc. immediately may be formed. 

[001 1] As shown in this drawing, in order to connect the 1st and 2nd wiring, Au metal column 1 1 which is a connection 
electrode is used. This connection electrode 1 1 has connected electrically two wiring which is embedded at an interlayer 
insulation film 3 and exists up and down. Although Au which carried out paste baking contains PbO, crystal grain is 
also small and resistivity shows a high value as compared with about 5 microomegacm and bulk, even if it cannot carry 
out recrystallization and coarsening by elevated-temperature annealing after multilayer-interconnection formation owing 
to the heat-resistant limitation of an interlayer insulation film, the resistance when approximating a metal colunrn for 
height of about 20 micrometers and the diameter of about 30 micrometers is 1 .4mohm, and does not cause trouble to the 
property as a semiconductor device. Moreover, since there is no scaling, the contact resistance of Au metal column and 
the 2nd wiring also becomes small. Moreover, according to this example, by carrying out etchback of the polyimide, 
while exposing the tip of a metal column, flattening is also performed. Therefore, it is also possible to use screen 
printing for the metal wiring formation on it. However, the paste ingredient which can be used since the upper limit of 
the burning temperature of a metal paste is restricted to below the heat-resistant temperature of an interlayer insulation 
film receives constraint. 

[0012] This invention has the description in using screen printing. Screen-stencil is a method which imprints a graphic 
form pattem to the printed side arranged xmder a screen by forming the graphic form pattem which mainly becomes the 
screen stretched by the version from opening and non-opening with a photo-engraving process, forming the screen- 
stencil version, placing the ink for printing on this screen-stencil version, making a squeegee **** to a screen side, and 
extruding ink from said opening. As the printing approach, there are an approach by drawing 5 and an approach by 
drawing 6 . Drawing 5 is a type section Fig. under screen-stencil by the screen printer. The version 15 is attached and 
constituted using adhesives etc., where it pulled the neighborhood for the screen 13 to the frame 12 of the rectangle of a 
tree or a metal and predetermined tension is given to it. And when printing, a gap (d) is taken between the semi- 
conductor substrates 1 and screens 13 in which installation immobilization was carried out by vacuum adsorption etc. on 
the printing base 14, a frame 12 is fixed, and a version 15 is set to the body of a printing machine. 
[0013] At this time, a screen 13 is in the condition of having stretched horizontally as a two-dot chain line showed. Ink 
16 is applied on a screen in this condition. Subsequently, the pressure welding of the squeegee 17 is carried out to a 
screen 13, and a screen 13 is pressed and contacted on the front face of the semi-conductor substrate 1. At this time, the 
screen 13 is in the condition which it was lengthened and showed as the continuous line. A squeegee 17 is moved in the 
direction of an arrow head in this condition, and ink 16 is imprinted to the semi-conductor substrate 1 through opening 
of a screen 13. migration of a squeegee 17 - following ~ a screen 13 - the tension ~ one by one - being the so-called - 
- version-separating and carrying out, a contact location with the semi-conductor substrate 1 moves, and printing is 
performed. The printing approach of drawin g 6 was used in this example. The type section Fig. under screen-stencil 
according [ d rawin g 6 ] to a screen printer and draw ing 7 are the top view. This printing machine is equipped with the 
fixed frame object 18 and the movable frame 19, and the movable frame 19 moves the fixed frame object 18 as the 
supporting point. When the include angle of the screen-stencil side of the semi-conductor substrate 1 and the movable 
frame 19 to make is set to theta, to compensate for migration of a squeegee 17, the movable frame 19 of the free end of 
a version 15 is lifted upwards, and it is said include angle theta theta 1, theta 2, and theta 3 By enlarging in order, the 
gap d between the screen-stencil side of the semi-conductor substrate 1 and a version 1 5 is always zero at the time of 
printing. Since there is no deformation of the version 15 by squeegee press etc., a print quality improves. 
[0014] Although the semi-conductor substrate is used in said example as the circuit board in which the semiconductor 
chip which consists of two or more integrated circuit devices, individual semiconductor devices, etc. is carried, since 
this is conductivity, the front face forms insulator layers, such as oxide films, such as silicon, and polyimide. And a 
semiconductor chip is carried on this. A part of this insulator layer can also be used as a dielectric of the capacitor 
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contained in the component of this semiconductor device, for example. In forming resistance, it forms the electric 
conduction film to a proper field by screen-stencil etc. on an insulator layer. 

[001 5] Below, the 2nd example is explained with reference to drawing 8 . Drawing is a sectional view of the circuit 
board of the semiconductor device formed of this example. An AIN substrate is used for the circuit board 1 , and a 
multilayer interconnection is formed on it. Although the silicon semi-conductor substrate is used in this example, the 
circuit board which consists of AIN which carries a semiconductor chip etc. is sufficient as this substrate. The 1st wiring 
2 which has a predetermined pattern is formed on this AIN substrate 1 . for forming this wiring ~ first ~ a glass fiit 
(PbO) ~ less than [ 15wt% ] — spreading printing is carried out on the AIN substrate 1 through the screen which has the 
predetermined circuit pattern shown in drawin g 6 , and the 1st wiring 2 with a wiring width of face of 20-30 
micrometers which calcinates this and consists of this Ag etc. is formed for metal pastes to include, such as Ag and Cu. 
Subsequently, 30-50micrometer2 on the 1st metal wiring 2 The metal colunrn 1 1 which is the connection electrode of 
extent which connects between wiring to the square ARAUNDO section with screen printing mostly is formed. As for 
the metal paste for printing, Au particle and the amount of glass fiits (PbO) whose particle size is about 2000A used the 
ingredient not more than 1 5 wt%. 

[0016] After screen-stenciling Au paste after the 1st wiring 2, in atmospheric air, it holds for 30 minutes, it calcinates at 
the programming rate of 200 degrees C / hr, and 450 degrees C, and said metal column 1 1 of Au is formed. 
Subsequently, after dropping the polyimide solution of about 20000 viscosity cp on this semi-conductor substrate 1 and 
performing spin rotation for ISOOrpm / 15 seconds one by one for 500rpm / 10 seconds, 150 degrees C / 60 parts carry 
out desiccation solidification in nitrogen-gas-atmosphere mind, and the interlayer insulation film 3 of the polyimide film 
of about 30-micrometer thickness is formed. Subsequentiy, since etchback of tiie whole surface of this interlayer 
insulation film 3 is carried out with a choline solution and the tip of Au metal colunm 1 1 is exposed, the last 
solidification for 320 degrees C / 30 minutes is performed, and an interlayer insulation film 3 is formed completely. 
Subsequently, the 2nd wiring 4 is formed using the screen shown in drawing 6 like the above-mentioned. The protection 
insulator layer 5 which consists of a PSG etc. on it is formed. The ingredient which can use the ingredient used for the 
2nd wiring since the upper limit of the burning temperature of a metal paste is restricted to below the heat-resistant 
temperature of an interlayer insulation film receives constraint. Since this example forms the 1st wiring, the 2nd wiring, 
and a metal column by screen-stencil, a process is fiirther simplified fi-om the above-mentioned example. 
[0017] Below, the 3rd example is explained with reference to drawing 9 . Drawing is a sectional view of the circuit 
board of the semiconductor device formed of this example. The 1st wiring 2 which has a predetermined pattern is 
formed in this firont face at the circuit board 1 using an AIN substrate. The barrier metal which contains Ti or Ti by 
vacuum evaporation technique or the sputtering method About 1000 A, After depositing about 3 micrometers and about 
lOOOA of Pd for Cu continuously, patteming of the lithography process is used and carried out. For example, Pd is Cu 
and the mixture of HCl, HN03, and CH3 COOH and Ti are H2 02. C six H807 It etches using mixture and the 
Pd/Cu/Ti system metal circuit pattem 2 with a wiring width of face of 20-30 micrometers which is the 1 st wiring is 
formed. Then, 30-50micrometer2 on the metal circuit pattem 2 The metal colimm 1 1 of extent which connects between 
wiring with screen printing on the square ARAUNDO section is formed mostly. As for the metal paste for printing, Au 
particle and the amount of glass fiits (PbO) whose particle size is about 2000A used the ingredient not more than 
15wt%. After screen-stenciling Au paste after the 1st wiring 2, in atmospheric air, it holds for 30 minutes, it calcinates 
at the programming rate of 200 degrees C / hr, and 450 degrees C, and said metal column 1 1 of Au is formed. 
[001 8] Subsequentiy, after dropping the polyimide solution of about 20000 viscosity cp on this semi-conductor substrate 
1 and performing spin rotation for 1500rpm / 15 seconds one by one for 500rpm / 10 seconds, 150 degrees C / 60 parts 
carry out desiccation solidification in nitrogen-gas-atmosphere mind, and the interlayer insulation film 3 of the 
polyimide film of about 30-micrometer thickness is formed. Subsequentiy, since etchback of the whole surface of this 
interlayer insulation film 3 is carried out with a choline solution and the tip of Au metal column 1 1 is exposed, the last 
solidification for 320 degrees C / 30 minutes is performed, and an interlayer insulation film 3 is solidified completely. 
Subsequently, the 2nd wiring 4 is formed with screen printing, for forming this wiring - first - a glass fiit (PbO) - less 
than [ 15wt% ] - spreading printing is carried out on the AIN substrate 1 through the screen which has the 
predetermined circuit pattem which shows metal pastes, such as included Ag, and Cu, aluminum, to dra wing 6 . And the 
2nd wiring 4 with a wiring width of face of 20-30 micrometers which calcinates this and consists of Ag etc. is formed. 
The protection insulator layer 5 which consists of a PSG etc. on it is formed. 

[0019] Although screen printing is used for formation of the 2nd wiring in this example at formation of the 1st wiring 
using the sputtering method, it is also possible to form the 1st wiring by screen-stencil and to form the 2nd wiring by 
sputtering. Although Au was used for the metal column formed of said screen-stencil in the above-mentioned example, 
it can use ingredients, such as Pd, Pt, and Ag, besides this. As mentioned above, in the example of this invention, 
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although approaches, such as sputtering, vacuum deposition, and screen-stencil, are used for wiring formation This 
invention atomizes the metal evaporated, for example with inert gas, without limiting to these, and uses the differential 
pressure between the location where the particle generated this particle, and tfie location in which the circuit board is 
laid. The so-called gas deposition method which forms in the circuit board wiring which sprayed the particle on this 
circuit board and was constituted from a particle can also be used. 
[0020] 

[Effect of the Invention] Since the electric conduction film which faces this invention by the above configuration 
forming the multilayer interconnection on a substrate, and connects between wiring with screen printing is formed, it is 
not necessary to prepare opening in an interlayer insulation film, and the lithography process and ETCHIGU process for 
forming this can be skipped. Moreover, since flattening of the front face of this interlayer insulation film is carried out 
when carrying out etchback of the interlayer insulation film and exposing this electric conduction film, it becomes 
possible to form continuously after etchback, and wiring of the upper layer formed on an interlayer insulation film can 
shorten a production process sharply. 



[Translation done.] 
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